Presoaking Early Curled Simpson lettuce seeds in physiologically active concentrations of 6-benzylaminopurine or a synergistic mixture of the purine derivative and gibberellin for only 1 minute will significantly enhance germination, when the seeds are subsequently washed and placed in a dark germinator or at 30°C for 48 hours. This activation of germination is comparable to that observed by exposure of wetted lettuce seeds to red-light. The activation of purine-treated Early Curled Simpson lettuce seeds is augmented by far-red light; but, in contrast, there is no appreciable difference in the rate of germination of these seeds between treatments involving exposure to blue light or complete dark conditions during pregermination handling. The far-red light also augments the germination of seed pretreated in a synergistic combination of 6-benzylaminopurine and gibberellin.
germinated within 24 hours after prior exposure either to blue light or when maintained under complete darkness. However, far-red light augmented the germination of seeds pretreated with 6-benzylaminopurine so that nearly all such seeds germinated within 24 hours after treatment (table II) . Far-red light also augmented the rate of germination of seed pretreated with a synergistic mixture of 6-benzylaminopurine and gibberellin. Lowering the temperature of germination to 250 C caused an appreciable increase in the rate of germination and augmented the synergistic effect of purines and gibberellin in combination. Such Auxins, particularly indoleacetic acid, are well known for their ability to influence the distribution of water and solutes within individual cells and in tissues or intact plants. Some of these effects have been attributed to changes in cell permeability resulting from auxin application (1, 2, 5, 6, 7, 8, 10) , and direct measurements of changes in uptake of water and solutes under the influence of externally applied auxins have been made (1, 7, 11, 13) . Most studies of this subject, however, have consisted of measurements of plasmolysis-deplasmolysis time in hyper-and hypo-tonic solutions of various compounds, some of which were assumed to penetrate the cells readily, while others were assumed to be incapable of penetrating the cell 'Received for publication June 12, 1958 . 2 Paper no. 1049, University of California Citrus Experiment Station, Riverside, California. under the conditions of the experiments. However, none of the literature available to us presents evidence for auxin effects on permeability based on actual measurement of solute uptake by cells under conditions which minimize or preclude secondary influences of the applied auxin on the measured quantity through changes in the metabolic activity of the cell. Since auxins are known to have profound effects on plant metabolism, experiments designed to measure changes in permeability due to auxins should eliminate as nearly as possible any influence of metabolism on the measurements made.
In these studies we have attempted to attain this objective by investigating the effect of 2,4-dichlorophenoxyacetic acid (2,4-D) on the uptake of radioactive-tracer-labeled compounds under conditions which provide for minimum metabolic use or accumulation of the tracer within the cell.
iVNIMATERIALS AND METHO1)S Chlorella pyrenoidosa Chick. (Emerson's strain) was grown as described previously (4), except that iron was provided in a chelated form rather than as ferric tartrate. Cell suspensions for uptake studies were routinely prepared by adjusting the concentration of cells in an aliquot of nutrient solution withdrawn from the large culture tube. The cell suspensions were diluted or centrifuged as required to give an absorbance value of 0.85 at 525 mu. This standard suspension was concentrated 16 times by centrifuging successive aliquots into the same tube. The cells were then rinsed by resuspending in redistilled water and centrifuging. Final cell preparation was obtained by suspension in an appropriate volunme of water; 1-ml aliquots were then distributed to 10-ml round-bottom tubes which were again centrifuged and the supernatant liquid discarded.
Treatments were mnade by adding 1 ml of water or 2,4-D solution, quickly suspending the packed cells by shaking with a "tube buzzer" and adding 1 ml of 0.02 M potassium phosphate buffer at pH 5.5 containing the desired radioactive conmpounds. The cells were again suspended with the buzzer and placed in a shaking water bath maintained at the desired temperature. In uptake experiments carried out at 250 C the cells were illuminated at a level of 80 to 90 ft-c by fluorescent lamps. Where uptake was studied at 1°C the cells were in complete darkness during the treatment and uptake periods.
Zero time for a given tube was taken as the time at which the buffer containing the labeled conmpound was added to the cell suspension. At 2.5 minutes prior to the end of the desired time interval the tubes were removed from the water bath, the cells were centrifuged down, and the supernatant liquid was decanted. The cells were rinsed quickly with redistilled water, centrifuged, and killed by adding 1 ml of butylamine or propylamine. The method was otherwise the same as described previously (15) phosplhate buffer containing sucrose-C'4 for the sucrose uptake experiments described above was fortified bv the addition of 10-9 M P3204. After drying on planchets, the cells and cell contents were assayed for total radioactivity. The stainless-steel planchets containing the cell preparations were ashed for 2 hours at 5500 C and then recounted. The activity remaining after ashing was due to P32, and the original total minus this EXPERIMENTS WITH Na22: For investigation of sodium uptake, Na22Cl at a concentration of 74.5 micromoles/liter in phosphate buffer was used. Studies with this ion were carried out at both 25°C and 10 C.
CHLORELLA SURVIVAL STLUDIES: In order to determine whether the 2,4-D caused the death of any significant number of cells, the growth response of Chlorella to 2,4-D treatmenits like those used in uptake studies was investigated. In these experiments cells were prepared in the usual way and treated with 2,4-D in 0.01 M potassium phosphate buffer at pH 5 (16) . However, comparison of these data with the previous work shows that the change in respiratory response with an increase in 2,4-D concentration is similar, with the rate tending to approach a maximum value at 10-4 to 10-3 M 2,4-D. The difference lies in the fact that in the present work this maximum does not exceed the rate for the untreated cells, while the earlier data showed an actual stimulation by 2,4-D. The previous data were obtained at pH 4.5 and 25°C which together with substrate differences may account for the lack of stimulation found here.
Examination of figure 2 indicates that the influence of 2,4-D on sucrose uptake measured in this indirect way consists of a small increase at low concentrations of 2,4-D with a progressive change in the direction of less uptake at higher concentrations. The data are presented in terms of C'402 production for a 20-minute period to facilitate comparison with other data, but the determinations were actually made with a 4-hour incubation period. This was necessary be-cause the shorter time intervals did not provide sufficient C'402 to permit accurate assay of radioactivity. The use of such interpolated data seems justified by the fact that measurements of C'402 production by Chlorella made under these conditions indicate that this production is linear with time.
A more direct measurement of 2,4-D effects on the uptake of sucrose-C'4 by Chlorella was also made, using the amount of sucrose entering the cells as an index of changes in permeability. These experimen?ts were also conducted at 10 C. The rate of C'402 production at various concentrations of 2,4-D determined above were used to make a partial correction for metabolic use of sucrose in the uptake experiments. For this purpose respiratory C02 production from sucrose was subtracted from the total sucrose uptake by Chlorella at each 2,4-D concentration. This corrects only for a fraction of the metabolized sucrose; the application of larger respiratory corrections would tend to accentuate the maximum and minimum figures for total sucrose uptake, since the trend of 2,4-D effects on respiration is generally the opposite of effects on sucrose uptake except at the highest concentrations (see table I The amount of sucrose-C'4 found within Chlorella cells after 20-minute uptake while exposed to various concentrations of 2,4-D at 10 C is shown in the lower curve of figure 3. It will be noted that the general shape of the uptake curve is quite similar to that given by the indirect measurement used to obtain the data of figure 2. Each of these curves is best fitted by a second-order parabola when the amount of sucrose inside the cells is plotted against the log,o of 2,4-D concentration in the external medium.
EFFECTS OF 2,4-D on MANNITOL-CI4 UPTAKE BY CHLORELLA: When Chlorella suspensions were incubated in the dark with mannitol-C'4 at 250 C for periods as long as 2 hours, less than 1 % of the total radioactivity found inside the cells could be recovered as C'402. Because of the method of synthesis used for the mannitol, this amount of respired material might have come from an impurity of fructose in the preparation, but in any case it represents an extremely low rate of metabolism of the absorbed solute. Since metabolic use was at such a low level, mannitol uptake should reflect with some accuracy the alterations in permeability brought about by 2,4-D. The results of mannitol uptake studies are presented in figure 4 , where it may be seen that permeability to mannitol appears to be affected by 2,4-D in much the same fashion as permeability to sucrose, with a small increase in uptake at low 2,4-D cencentrations followed by a progressive decrease in the amount of mannitol penetrating into the Chlorella cells at higher 2,4-D concentrations. This relationship is also best expressed by a second-order parabola.
EFFECTS OF 2,4-D ON P3204 UPTAKE BY CHLOR-ELLA: The uptake of P3204 was studied simultaneously with that of sucrose in experiments mentioned earlier. Since the buffer used contained 0.01 M phosphate, the total concentration was much higher than that of the sucrose, and the amounts of phosphate found in the cells were correspondingly greater, as shown in the upper curve of figure 3 . In the 20-minute uptake periods used, the phosphate within the cells had come to only 27 % of the external concentration. Therefore it is considered that the phosphate uptake shown in figure 3 is primarily influenced by changes in permeability of Chlorella due to 2,4-D.
The relation between 2,4-D and phosphate uptake is markedly different from that found between 2,4-D and sucrose or mannitol uptake. The amount of phosphate entering the cells is increased more by low concentrations of 2,4-D, and the increased uptake extends over a broader range of concentration, with 102 M, 2,4-D resulting in only a slight inhibition of uptake. The curve is best expressed by a second-order parabola, but the equation for the line is significantly different from that found for sucrose and mannitol (see Discussion and Conclusions).
EFFECTS OF 2,4-D ON S3504 AND Na22 UPTAKE BY CHLORELLA: The effects of 2,4-D on the uptake of sulfate and sodium by Chlorella at 10 C are summarized in table II. It may be seen that under these conditions, there is no influence of 2,4-D on the uptake of either of these ions; this is further indicated by the fact that the line of best fit for each of these sets of data is a straight line with a slope which does not differ significantly from zero. If this were the case, the decrease in the amount of material found within the cell could be attributed, not to a decrease in the rate of solute passage across the membrane due to a change in the resistance of the membrane to solute movement into 'the cell, but rather to a complete loss of semipermeability. The cells would then come to equilibriunm with the external solution, and the rinse after treatment would remove most of the solute, thus causing an apparent decrease in uptake. T,o check this possibility several experiments were performed in which cell suspensions were treated in the same way as for the uptake studies. At the end of various time periods the cells were centrifuged out of the 2,4-D solutions, rinsed twice with redistilled water, and suspended in nutrient solution. These treated cell suspensions were incubated under artificial illumination of 1000 ft-c for several days, and the optical absorbance of the suspensions was determined at intervals. If 200 C, sodium at 250 C and 10 C, phosphate at 10 C, and sulfate at 10 C all reach less than one-third of the external concentration within 20 minutes; 2) sucrose at 10 C comes to the same concentration inside the cell as in the external solution within 20 minutes on the basis of the mean of all determinations, although individual determinations vary from this mean (see fig 1) ; 3) sucrose at 250 C, and sulfate at 250 C exceed the external concentration in 20 minutes, presumably as a result of metabolic conversion or accumulation within the cell.
DISCUSSION AND CONCLUSIONS Changes in permeability or solute uptake have been shown to result from auxin application to plants (1, 2, 5, 6, 7, 8, 10, 13, 14) and are thought to be of importance in some responses to auxins (7). It seems possible that a number of auxin effects may be due, partly at least, to changes in cell permeabilitv to solutes or water or both. In addition to responses such as growth, cell elongation and changes in transpiration of leaves or fruits (7, 14) , which may obviously involve permeability changes, other auxin effects on plants may also be caused by permeability changes. The inhibition of photosynthesis by 2,4-D (4, 16) Larger increases in permeability measured by plasmolysis-deplasmolysis time have been reported with indoleacetic acid treatments (5, 6, 8) , although Ordin and Bonner (12) found that "optimal" (5 mg/liter) IAA had no effect on the diffusion of DHO into Avena coleoptile sections.
Since (15) . Glucose, water, glycerine and urea have been shown (7, 8) to be influenced in their uptake by auxin treatment in a fashion similar to that found here for sucrose, mannitol and phosphate. The highly charged Na+ and S04--ions were neither accelerated nor impeded in their passage into the cell by the presence of 2,4-D which may also indicate a different mechanism of entry for these particles. Masuda (8) obtained similar results when he found that 10-8 M IAA increased the permeabilitv of onion scale epidermal cells to glycerine more than to urea, which may also indicate that highly polar particles are less affected by auxin-induced changes in permeability.
These facts may indicate that auxins are acting primarily on those properties of the membrane which permit passage of uncharged particles. If these properties are assumed to be associated with the structural configuration of the lipid phase of the membrane (3), then one possibility might be that auxins become a part of the membrane and in low concentrations result in an "opening" of the membrane structure. This might occur by solubilization of the lipophilic portion of the auxin molecule in the lipid phase of the membrane, with the charged carboxyl group oriented so that it could displace adjacent molecules electrostatically, opening "holes" in the membrane which provide a more ready entry for solute molecules.
